TIIOMPSON SEEDLESS GRAPES usually darken during drying in the preparation of raisins. The intensity of this darkening depends to a considerable extent on the treatment of the fresh fruit prior to drying. Raisins prepared by drying grapes in the sunlight without other treatment are characteristically of a dark color similar to the clove-brown of Ridgway (1912) .5 Raisins produced by the cold-dip, mixed-dip, sodadip (hot lye), sulfur-bleach, or golden-bleach procedures, on the other hand, usually have a light color ranging in hue from cinnamon-buff to sepia as judged by the color standards of Ridgway. Hussein and Cruess (1940) investigated the properties of grape oxidase and suggested that oxidizing enzymes are involved to a considerable extent in the darkening of grapes during the preparation of raisins, and to some extent in the darkening of wines. These authors, however, limited their investigations to the enzyme preparation obtained from fresh, untreated grapes. There is no available published information concerning the effects of the various treatments used in the production of light-colored raisins on the oxidizing enzymes occurring in grapes. A series of experiments was conducted during the 1939 season in order to determine the effects of the mixed-, soda-, and cold-dip pretreatments, and of sulfuring and drying, on the oxidase activity of raisins made from Thompson Seedless grapes.
EXPERIMENTAL PROCEDURE
Materials Used.-Thompson Seedless grapes were used in all experiments unless otherwise indicated.
The sulfur-bleach and cold-, mixed-, and soda-dip procedures em-'ployed were similar to those in commercial use as described by Mrak and Long (1941) . The golden-bleach procedure was similar to that used in the preparation of sulfur-bleach raisins, except that the fruit was dried in a dehydrater having a relative humidity of 25 per cent at the hot end, and a dry-bulb temperature of 71.1°C (160°F).
The dipping preparations used were: soda dip, 0.5 per cent solution of Vol. 14, No.6 NaOI-I brought to 95°C (203°1 11 ) ; mixed dip, an emulsion containing 68 grams of K 2C0 3 , 34 grams of NaOI-I, 50 cc of California olive oil, and approximately 12 litel'S of tap water brought to 82.2°C (180°F) "; and cold dip, an emulsion containing 950 grams of an alkali mixture consisting of 95 grams of Na 2C0 3 , 855 grams of K 2C0 3 , 100 cc of California olive oil, and approximately 20 liters water at 20°C (68°F).
Freshly picked Thompson Seedless grapes were treated in one or another of the dipping preparations for various periods of time, then sulfured or dried according to the particular procedure used in commercial practice.
Eneqme Preparation.-Dntreated, freshly dipped, sulfured, and dried grapes were tested for oxidase activity after first making an enzyme preparation from the various samples. The enzyme preparations and measurement were made according to the procedures of Hussein and Cruess (1940) as described briefly in the paragraph below. Treated grapes were stored at -17.7°C (O°F), and the raisins at 0°C (32°F) until used.
To make the enzyme preparation, samples were ground ill a mortar containing white sand and acetone and were then filtered. This procedure was repeated a second and third time. The dilute acetone pre. . vented browning, removed auto-oxidizable catechol compounds, tannins, some of the water-soluble materials, and precipitated the enzyme. The solid residue was then extracted with a 0.2 molar citrate buffer of pH 4.5, equal in volume in cubic centimeters to three times the weight in grams of the grape sample used. Then three volumes of 95 per cent alcohol were added and the mixture centrifuged. The resulting precipitate was suspended in the aforementioned citrate buffer.
Quantitative Measurement of Grape-Oxidase Action.-The colorimetr ie method of Bansi and Ueho (1926) as modified by Hussein and Cruess (1940) , was used for the quantitative measurement of oxidase activity. 'l'his procedure is as follows: 1 cc of enzyme extract and 1 cc of 1 per cent guaiacol solution (by volume) in 50 per cent ethyl alcohol were added to a test tube containing 5 cc of 0.2 molar acetate buffer of pH 4.5. Then sufficient distilled water was added to make a total volume of 20 cc. Finally 1 cc of 0.1 N H 20 2 was added to the same test tube after which the tube was held at 30°C (86°F) for 1 hour. The reaction was then stopped by the addition of 5 cc of glacial acetic acid. The peroxidase enzyme of the grapes catalyzes the oxidation of the guaiacol by the H 20 2 , it reaction similar to that occurring during the browning of the gripe flesh by oxidation catalyzed by the enzyme. Hussein and Cruess (1940) estimated enzyme activity by observing the extent to which the extracts darkened. This was conveniently done ....
• An emulsion containing 950 grams of alkali mixture (95 grams of Na2COaand 855 grams of !{2COa)and 100 cubic centimeers of olive oil and about 20 liters of tap water.
t Dipping periods commonly used in commercial practice.
t An emulsion containing 68 grams of K2COa, 34 grams of NaOH, 50 cubic centimeters of olive oil, and 12 liters of tap water.
activity of grapes treated in the cold dip decreased when the length of dipping period was increased. This decrease in enzyme activity, however, was not directly proportional to the length of dipping period used. The skin of grapes treated in the cold dip did not crack, even after 10 minutes' exposure, but much of the waxy bloom was removed. The amount removed varied according to the length of the dipping period. Each skin was covered with a thin layer of oil which caused the fruit to remain soft and pliable, even when dried. This oil coating may have acted as a layer retarding the entrance of oxygen into the flesh of the fruit, thereby preventing in some degree, darkening of the raisins by oxidation.
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Hilgardia [Vol. 14, No.6 Immersion of grapes for an appreciable period of time in the hot dipping solutions reduced the enzyme activity, whereas dipping for a very short time increased enzyme activity. When the dipping period was increased to 30 seconds or more, enzyme activity decreased rapidly as shown in table 1. The most rapid decrease in enzyme activity occurred when the grapes were treated in the soda dip, while the slowest decrease in activity occurred when they were treated in the cold dip. The temperature of the dipping solution was undoubtedly an important factor in accounting for these differences. In order to determine the effect of heat alone on the enzyme activity, dipping tests were conducted in distilled No dip (check) .
.
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Dip ping I Per cent period. water at 82.2°C (180°F) and 96.1 0 C (203°F). The results were very similar to those obtained in the experiments with the soda and mixed dips. Grapes dipped for 5 seconds in bot water at 82.2°C (180°F) and 96.1°C (203°F) displayed an increase in enzyme activity similar to that observed in the mixed-dip and soda-dip experiments. When grapes were subjected to the hot-water treatments for 30 or 60 seconds, on the other hand, enzyme activity decreased greatly as indicated in table 2. The skins of most of the grapes subjected to the soda dip, the mixed dip or the 30-and 60-second hot-water dips cracked extensively. The most severe skin cracking occurred when the longest dipping periods were used; the skins of grapes subjected to the 5-second hot-water dip, did not crack. When a grape oxidase preparation was heated for various periods of time at 82.2°C (180°F) and 95°C (203°F) no activation effect was observed (table 3). The enzyme system was almost completely inactivated in 30 seconds. This indicates that the apparently increased activity, observed when grapes were treated in the soda and the mixed dips for short periods of time, was due to some other cause than oxidase enzyme activity. The enzyme system was almost completely inactivated after 60 seconds of heating. This indicates that skin differences between the two varieties may be partially responsible for the variations in oxidase responses to the dipping treatments of short duration. Variations in oxidase distribution within the individual berry, as well as varietal differences in size of the berries, may also be factors accounting for the observed differences in effects of the heated dips on the oxidase activity of the two varieties. In order to compare the distribution of enzyme activity in Thompson Seedless and Muscat grapes, individual berries were peeled and the Muscats were seeded. Table 5 shows that enzyme activity was greater in the skins than in the flesh of the two varieties of grapes used. A much greater difference between enzyme activity in skin and flesh was observed in the Thompson Seedless than in the Muscat grapes. Enzyme activity in Muscat grapes was slightly greater in the skin than in the flesh. In 'I'hompson Seedless, on the other hand, enzyme activity in the skins was over 31 times as great as that in the flesh. The skins of Thompson Seedless grapes showed more activity than either the skin or the flesh of Muscat grapes. The flesh of the former, however, showed less activity than either the skin or flesh of the latter. The relative richness in oxidase of skin as observed here agrees with the data of Hussein and Cruess (1940) concerning the location of the enzyme in the grape. This observed unequal enzyme distribution is probably concerned, to some extent at least, with the variations in enzyme responses when Thompson Seedless and Muscat grapes were treated in the hot-water dips. It may also account for the fact that Muscat grapes that retain a light color have not been produced successfully on a commercial scale by use of the cold, mixed, or soda dips without a subsequent sulfuring treatment.
Effect of Sulfuring.-Sulfur-bleached raisins were dried to a moisture content of about 15 per cent. The oxidase activity in finished raisins varied greatly with the period of exposure and concentration of S02 used in the sulfuring treatment. The data in table 6 show that the enzyme activity in the sulfur-bleached raisins decreased with increase in length of the sulfuring period. In these experiments, as in commercial practice, the lightest-colored raisins were obtained when grapes were sulfured for 2 hours and the darkest when they were sulfured for 1 hour or less. Table 7 indicates that the concentration of S02 in the sulfuring house at the time of sulfuring also affects the enzyme activity of raisins treated by this method. were required to inactivate a grape-enzyme preparation. Oxidase activity decreased gradually as the concentration of 80 2 added to the solution was increased from 0 to 5,580 p.p.m., but was not entirely inhibited at any concentration used. It is difficult to understand why the enzyme preparation should be so resistant to 802. Possibly other factors such as physical condition of the grapes, maturity, and temperature complicate the results. Effect of Drying.-The treatment of grapes preliminary to drying is the same for golden-bleached and sulfur-bleached raisins. Both are lye-dipped and sulfured; but the former are then dehydrated and the latter are exposed to the sun for a short time and later dried in the shade. The two products, however, are different in appearance and storage qualities. Sulfur-bleached raisins usually darken more rapidly in storage than do the golden-bleached; this may be attributed to some extent to the higher moisture content in the former. Nevertheless it was thought that oxidase may playa part in this darkening. Consequently, grapes from each of two lots were ,dehydrated and shade-dried and then compared for oxidase activity. dehydrated product was approximately one fifth of that of shade-dried. 'I'his variation in oxidase activity may account for some of the differences in the storage qualities of the two types of raisins.
SUMMARY
Oxidase enzymes cause discoloration of grapes and raisins under certain conditions. Experiments have been conducted to determine the effect of various dipping, sulfuring, and drying procedures on this activity. The commercial cold-, mixed-, and soda-dip treatments decreased the oxidase activity when immersion periods of sufficient length were used. Oxidase activity was stimulated by very short, soda, mixed, and hot-water dips. Sulfuring decreased the oxidase activity.jipproximately in proportion to the period of exposure and concentration of S02 used during sulfuring. Raisins prepared by dehydration had about one fifth the oxidase activity of sulfured grapes dried in the shade, probably because of the relatively high temperature used for dehydration.
The diminishing effect on oxidase activity of some of the commercial dipping treatments may account for the production of light-colored raisins without the URe of S02.
